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(54) Active matrix liquid crystal display device 

(57) Provided is a liquid crystal display device as so 
constructed that the scattered or reflected incident rays 
and even the return rays are prevented from entering 
the transistor part. The device ts free fronn the probiem 
of photoelectric current leakage The device comprises 
an aclive substrate with a pixel transistor TFT thereon 
and 3 counter substrate that faces the active substrate 
Via liquid crystal therebetween, wherein light-shielding 
layers (upper iight-shielding layer, and lower light- 
shieJdtng layer) are fornned to be adjacent to the side of 
the pixei transistor part that faces the counter substrate 
and adjacent to the side thereof that faces opposite to 
the counter substrate and v/herein the upper light- 
shielding layer and the lead electrode shield the entire 
reg'on except the pixel openings fronn the incident rays 
:hat enter the device through the counter substrate. 
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OUTLINE OF THE EFFECT OF THE INVENTION 
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Description 

[0001] The present r,vention relates to a liquid crys- 
l3- display device, precisely, to that comprising an active 
S'jbstrate with a pixel transistor. TFT. thereon and a 5 
counter substrate facing the active substrate via liquid 
crystal therebetween. 

[0002] A liquid crystal display device has heretofore 
been known, which connprises an active substrate as 
oreparea by forming a TFT {thin film transistor) on a ?o 
substrate of. for example glass or quartz, and a counter 
substrate that faces the active substrate via liquid crys- 
tal therebetween 

[0003] As a rule, the device of that type receives the 
rays from a light source through its counter substrate. '5 
The "ays. if entering the pixel transistor in the device, will 
deteriorate innage quality through contrast depression 
or flickering owing to photoelectric current leakage 
[0004] The sensitivity of polycrystalline Is (poly-Is) 
;s not so high, as compared with that of amorphous Is JC 
(a-!s) However, recent liquid crystal display devices 
with po!y-is-TrTs are often used in the presence of a 
large quantity of light, for example, as m projectors, and 
photoelectric current leaKage is not negligible even in 
those devices with poly-is-TFTs .-5 
Therefore, with the devices with poly-Si-TFTs, the orob- 
\err. of image quality deter. oration through contrast 
depression or flickering owing to photoelectric current 
leakage comes into question 

[0005] One related technique of preventing ray pen- io 
etration into the pixel transistor through the counter sub- 
strate comprises disposing a black matrix B adjacent to 
the counter substrate 2. as in Fig. 1A. As illustrated, the 
b'ack matr:x B acts to shield the pixel transistor from the 
incident rays. In this structure, however, it is impossible j5 
to prevent a part of the incident rays L2 having scattered 
or reflected, from entering the pixel transistor 7. even 
though the straight incident rays L1 could be blocked by 
the black matrix B To overcome this problem, we. the 
present inventors previously proposed a technique of -io 
disposing a black matrix above the transistor on the side 
of the active substrate 1 facing the counter substrate 2, 
but not lust below the counter substrate 2 to be adjacent 
thereto, as in Fig. IB In this structure the black matrix 
:s nearer to the transistor, by which the incident rays -j^ 
gcng into the transistor could be reduced more effec- 
tively (see Japanese Patent Laid-Open No 
26249il-1996) As illustrated ;n Fig. 1 B the incident rays 
L2 having scattered or reflected could be prevented 
■ '"om entering the pixel transistor 7 In this proposal, the 50 
biack matr;x is 'n two sites, both acting as a light-shield- 
ing iayer 

[0006] As shown, however a part of the passmg 
*-:v^._!^ h;3vir^g '■e'l'^rcte':: ^r: th- ■•ipvcal system p":;'.:uces 
-■eturr rays . str.ay r.^yS ' that enter the transistor through 
'.".o active sucstrate In any structure, it is impossible to 
r'^vrrP! tfw return rays '.stray mvs, L3 from enter ro the 
:r.:^?Si5t:r part 7 
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[0007] :n part.cuiar. .n a ^iquic crystal display device 
with a top-gate- structured or planar-structured pciy-ls- 
TFT the active layer of the transistor !s formed on the 
active substrate to be the lowermost layer thereon 
(opposite to the counter substrate) In this, therefore, 
the rays running toward the acttve substrate directly 
enter the active layer of the transistor, thereby causing 
photoelectric current leakage 

[0008] The present invention is to solve the prob- 
lems noted above, and its object is to provide a liquid 
crystal display device m which the incident rays having 
scattered and reflected and even the return rays as 
above are prevented from entering the transistor part 
and which is therefore free from the problem of photoe- 
lectric current leakage 

[0009] The liquid crystal display device of the inven- 
tion comprises an active substrate with a pixel transistor 
TFT thereon and a counter substrate that faces the 
active substrate via liquid crystal therebetween wnerem 
a light-5hielding layer is formed both adjacent to the side 
of the pixel transistor part that faces the counter sub- 
strate and adjacent to the side thereof that faces oppo- 
site to the counter substrate and wherein the hght- 
shielding layer thai faces the counter substrate is ^n at 
least two sites relative to the incident rays running there- 
into through the counter substrate so as to block all the 
incident rays toward the region except the pixel open- 
ings Deoending on its overlapping condition, the light- 
shielding layer that is in at least two sites is so consti- 
tuted that it can block all rays toward the region except 
the pixel openings m the device. 

[0010] According to the invention, the light-shield- 
ing layer is formed both adjacent to the side of the pixel 
transistor part that faces the counter substrate and adja- 
cent to the side thereof that faces opposite to the coun- 
ter substrate. Therefore, as graphically shown in Fig. 2. 
even the return rays (L3) can be blocked by the light* 
shielding layer (lower light-shielding layer 5) disposed 
on the side (light emitting side) opposite to the counter 
substrate, and the device is not troubled by photoelec- 
tric current leakage to be caused by the rays errone- 
ously entering the pixel transistor part 
[0011] The invention will be further described by 
way of example with reference to the accompanying 
drawings, m which:- 

Fig. 1 A and Fig. 1 B are graphical views showing the 
problem in the 'elated art 

Fig 2 'S a graphical view showing the action of the 
device of the invention 

Fig 3 IS a cros3-sect;onal v-ew showing the ccnsti- 
tu'ion of the fir^t emDod:ment of the invention 

Fig 4 IS a cl^n view showing the constitution of the 
first emoodime^t of the invention 
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P;-; 5 s 3- plan view sncwing tne constitution o: t^"e 
ra er"-bodirrer;t of the rveoncn, 

[0012] Preferred embocments of the .nventicn are 
descriced concretely and in rricre detaii with reference 
to '.he drawings Naturally, however, the rvent:on is no! 
Iinnited to :he ennbodiments described and illustrated 
hereinuncier 

EfTibodiment 1 

[0013] The cross-secticral view anc the plan view 
of the constitution of this ennbodinnent are m Fig. 3 and 
Fig. 4 respectively In the device of this ennbod;nnent. 
used is a high-temperature polysihcon TFT as the pixel 
transistor, which, however, is not linnitative. Naturally 
any other types of the device having, for example, a low- 
temperature polysilicon TFT or an a-silicon TFT could 
produce the same results as herein (The same shall 
apply to the other emoodiments to be nnentioned here- 
under ; 

[0014] Fig. 3 IS referred to Therein illustrated s an 
active matrix-type liquid crystal display device of one 
embodiment of the invention This comprises a sub- 
strate 1 with a pixel transistor TFT thereon (that is. the 
substrate 1 is of quartz, having TFT thereon), and a 
counter substrate 2 of. for exannple. glass A liquid crys- 
tal component 3 of. for example, twisted ramatic liquid 
crystal .s sandwiched between the substrate 1 and the 
c ounter substrate 2 The counter substrate 2 is prjviced 
v/ith a counter electrode 6 of. for example. ITO 
[0015] The substrate 1 has a pixel electrode 8 of. for 
example. iTO. on a CMP-planarized layer 100 of. for 
example, an inorganic insulating film, while having a 
lower layer of TFT (thin film transistor) 7 below and adja- 
cent to the layer 100 In this embodiment, the TFT 7 is a 
top-gate-structured TFT. acting as a switching element 
for driving the pixel electrode 8 )n this embodiment, the 
TFT 7 has a thin semiconductor film 10 of polysilicon 
that acts as an active layer. The thin semiconductor fHm 
10 IS of a first polysilicon layer (1polyS<;, A gate G is 
formed on the thin semiconductor film 10 via a gate- 
iHsulating film 1 1 of S(02 or the like therebetween. The 
gate G is of a second polysilicon layer (2polySi) The- 
TFT 7 has 3 source region S and a a'-am region D on 
both Sides of the gate G In this embodiment, the source 
region S and the dram region 0 both have an lDD 
region at their facing ends, and are con.nected with leaa 
->!e',:tro(Jes 12A and 12B. resnectively "he lead elec- 
trodes 12A and 125 are m.ade of. for example, an alu- 

.-"^ rat^'i o- alum^^j;" th-> \ '<-. 
[0O16] The thin semiccnductoi *ilm ' j has an aux i- 
ary capacitance 13 (Csi as formed therein The auxil- 
jry :r:CoO!tance 13 (Cs) 'S fo-^ed of tre ':rs: poiys.i.c.v^. 
layer .'pc'ySi; that constitutes 'he thm. ^emiconrruc'o' 
filnn to :jf TFT 7 and the Sric::r.c pc.ysiiicon layer 
2pG.y5i - that constitutes the th- se'^'C.:nducto.' r^m '4 
ct gjtie 3 via an in5j:at:nq *',m cf *:r exampie 5;C- 



that constitutes the gate-msulating film 11 therebe- 
tween. 

[0017] In the interlayer moiety between the upper 
layer moiety having the pixel electrode 8 and the lower 

5 layer moiety having the TFT 7. formed are light-shield- 
ing layers 4M and 4.P These light-shielding layers are so 
positioned above the TFT 7 as to face the counter sub- 
strate 2. or that is. these are positioned on the side that 
receives the incident rays from a light source As the 

;o case may be. they may be referred to as "upper light- 
shielding layers" or "first light-shielding layers". In this 
embodiment, the light-shielding mask layer 4M and the 
light-shieiding pad layer4P are the upper light-shielding 
layers, as illustrated. In that manner, the incident rays 

'5 that enter the device through the counter substrate are 
completely blocked by the two upper tight-shielding lay- 
ers (the light-shielding mask layer 4M and the light- 
shielding pad layer 4P) and by the lead electrodes 12A 
and 12B. overlapping with each other, (these are made 

A' of aluminium herein) in all regions except the pixe! 
v;penings In this embodiment, the light-shielding mask 
;ayer 4M and the light-shielding pad layer 4P are both of 
a metal film of a conductive material of, for example, Ti 
or the like. The light-shielding mask layer 4M is pat- 

:r5 terned m series in the direction of pixel rows, at least 
partially shielding the TFT 7 from the rays running 
V toward it. The light-shielding pad layer 4P is separately 
patterned for each pixel, being contacted with the pixel 
electrode These light-shielding mask layer 4M. Iight- 

-•(,) shielding pad layer 4P. and lead electrodes 12A anc 
12B. cverlapDing with each other, completely blocK the 
incident rays that enter the device through the counter 
substrate in all regions except the pixel openings 
[0018] On the other hand, another light-shielding 

35 layer 5 is formed below the pixel transistor part on the 
side opposite to the counter substrate. As the case may 
be, this may be referred to as a "lower light-shieiding 
layer* or "second light-shielding layer*. At least the fac- 
ing source/dram edges in the pixel transistor are 

•io shielded from light by this lower light-shielding layer In 
the thus-shielded source/drain edges, formed are the 
LDD regions 71 and 72 mentioned hereinabove. 
[0019] In Fig. 4. the lower light-shielding layer 5 is 
specifically designated by the shadow area. In this, the 
reference numeral 10 indicates the first polysilicon layer 
for the pixel. 141 indicates the second polysilicon layer 
for the gate iine. 142 indicates the second polysilicon 
:ayer for the auxiliary capacitance Cs, and 1 5 indicates 
a signal line (this is made of aiuminium herein) 

50 [0020] In this emoodiment. the lower light-shielding 
~T, ^> ^ 3 m.^de of a nigh-me-' ng-prim; -net.::! s.hc/je 
'^or the iayer 5. especially oreie.'rec iS a fiim of vVSi nav- 
■ng a thickness of 200 nm. 

[0021] Tne lower hght-shieiding layer 5 is so cat- 
x' r-arnec; herein that it may shield at least the region of the 
facing source/dram eages = 2.0 um m tne pixel trans. s- 
tor {"^T 7; ^^-om the rays running toward :t The lower 
I ght-sn.eidinq layer 5 15 earthed to GND 
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[0022] .1 :5 desiracie :nai tr.e region of tre r.a::i'Hj 
5r.urce.'.:J^3:n edges m the oixel transistor (TFT 7'. ;o oe 
shielded ^rom the ""ays running toward it covers at least 
the edge of the gate G r 0 5 um. more preferatiy r 1 C 
jnn. 

[0023] if desired, the lower light-shielding laver 5 
may be so extended to tne lower part be-ow the cha^nei 
region in the transistor nnoiety that it can integrally cover 
the channel region 

[0024] Moreover, where tne lower light-shielding 
layer 5 is extended outside the pixel region in order to 
earth it to GND. the layer 5 nnay be extended to the 
region beyond the gate line of the pixel transistor This is 
effective for relaxing the layer height difference in the 
pixel transistor structure and for reducing the stress to 
the gate line. The interconnection of that nnode can be 
attained because the upper light-shielding layers noted 
above connpletely shield the pixel transistor in all 
regions except the pixel openings trcnn the incident rays 
that enter the device 

[0025] In this embodiment, an insulating layer 9 of 
NSG having a thickness of 600 nm is layered over the 
lOwer lignt-shielding layer 5 through AP-CVD. Over the 
layer 9. further layered is polysilicon through LP-CVD. 
This IS the first polysilicon layer (IpolySi) for the thin 
semiconductor film 10. and forms the active layer for the 
TFT 7. 

[0026] In order to attenuate the parasitic capaci- 
tance from the adjacent interconnections to the lower 
■ight-shielding layer 5. it is desirable that the lower hght- 
shielding layer 5 and the pixel transistor-formmg layer 
(thin semiconductor film 10) are spaced by a thick fiim of 
Ihe insulating layer 9 and that the film of the insulating 
layer 9 is as thick as possible like herein As a rule, it is 
desirable that the thickness of the film of the insulating 
layer 9 is not smaller than 1 00 nm. more preferably from 
200 to 1500 nm. in this embodiment, the insulating layer 
9 IS of NSG having a thickness of 600 nm as mentioned 
previously Regarding its material, the insulating layer 
may be of an S1O2 film, an SiN film or the like to be 
formed through LP-CVD. AP-CVD or p-CVD Preferred 
are films of TEOS or HTO to be formed through LP- 
CVD. or NSG. PSG or BPSG to be formed through AP- 
CVC. or their laminates After formed, the :nsulating film 
9 may be annealed for densifying its structure. Anneal- 
ing the film 9 may be effected at 1000-C for 60 minutes 
or so. by which the lower light-shielding layer 5 couid be 
prevented from being deteriorated m the subsequent 
steps. 

[0027] It IS desirable that the lower light-shieiomg 
layer 5 has a low resistivity of not larger than IOC 
tl.'square. more preferably not larger than 10 l^'squa^e 
m order lot to be influenced so mucM by the C0L.p:;ng 
';acacitance frcn" the acijacei^t in<erconnections 
[0028] In orde^ to crevent light eakage '^rom t-^o 
trans. stcr tne ^cwer iight-shieldng layer 5 shai! have a 
fa.nsmittance of generally not larger than 50 > at east 
'.•;r the iight failing w1h;n a wavelengtr range of from 4CC 



!;:> 500 nrr P-et'eraDiy. the transrnittance tnrough t*^e 
■ayer 5 is not larger than 10 % More oreferably. it is as 
small as possible, for ensuring higher l;ght-shield;ng 
capabilities of the layer 5. 

^ [0029] Tne thickness of the lower light-shielding 
layer 5 is not specifically defined, provided that the layer 
5 satisfies the requirements for the resistance and the 
light-shielding ability as above In practical use. the layer 
5 may have a thickness of from 1 0 to 1 000 nm. and pref- 

10 erably from 100 to 4C0 nm 

[0030] !n consideration of the process conformity in 
forming the polysilicon transistor above the lower light- 
shielding layer 5, high-melting-point metals and com- 
pounds of such metals are preferred for the material for 

■ 5 the lower light-shielding layer 5 For example, employa- 
ble are W, Mo. Pt. Pd. Ti, Cr and their silicides 
[0031] On the other hand, for the upper light-shield- 
ing layers of mask layer 4M and pad layer 4P. preferred 
are conductive materials of. for example, metals such as 

,:'0 titaniunn. Specifically, the light-shielding mask layer 4M 
shall have a fixed potential, which is. for example, equal 
to the potential of the counter electrode 6. while the 
light-shielding pad layer 4P shall be so interposed 
between the pixel electrode 8 and the lead electrode 

.r5 12B as to enhance the electric connection between the 
two (see Fig 3) These upper light-shielding layers 
coutd be so defined that their transmittance within a vis- 
ible ray range of wavelength from 400 to 700 nm is not 
larger than 1 %. preferably not larger than 0 1 %. For the 

.^■0 material for the layers, for example, employable are met- 
als such as Cr. Ni, Ta. W, Al, Cu, Mo, Pt and Pd. m addi- 
tion to Ti noted above, and also their alloys and silicides 
The thickness of the layers is not specifically defined, 
provided that the layers satisfy the requirement for the 

35 intended light-shielding capabilities In general, the lay- 
ers may have a thickness of at least 50 nm The Itght- 
shielding mask layer 4M and the light-shielding pad 
layer 4P may be made of the same material. 
[0032] The pixel transistor may have a double-gate 

-c- structure. In that case, at least two source/drain edges 
in both the signal line area and the pixel area shall be 
shielded from light. 

[0033] Without being limited to the pixel transistor 
as herein, driving circuit transistors for driving pixel tran- 
~i5 sistors could be shielded from light in the same manner 
as herein The transistors shielded from light could be 
protected from photo-earners. 

Embodiment 2: 

[0034] This embodiment is the same as Embodi- 
ment 1 . except that the lower light-shielding layer 5 is 
connected with the gate G in every stage 
[0035] Though the lower hght-shielding layer 5 :s 
spaced from the act:ve layer of the pixel transistor v.-i 
the thick insulating ^''m 9 of an NSG film as formed 
through AP-CVC, it w;ll have a weak gate 'p.fluence on 
:.he active 'ayer of the thin sen-'.iconductor nlm 10 (first 
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po.ysilicon i^yer. IpoiySi:- in ETiDod/ment ^- Therefore 
■vV'^en :'he 'ayef 5 is e.arrhed to GNC as :n En^bcdime^t 
V (he ON current running through rhe transistor w;il 
decrease ;n sonne degree As opposed to lhat the lower 
hght-shielding 'ayer 5 is connected with the gate G 'H 
!h.s efT'bcc.menE. and the ON current reduction m the 
trans^stc could be prevented 

Emoodiment 3 

[0036] The plan view of this ennbodiment is shewn 
in Fig 5 In this ennbodinnent. the lower light-shielding 
layer 5 is spaced for each pixel unit into lower light- 
shielding layers 51. 52. each corresponding to each 
ptxel unit. Each lower lignt-shielding layer shall be 
enough fc completely covering the LDD regions m each 
transistor and shielding them fronn light, as m Embodi- 
ment 1. In this embodiment, the lower light-shielding 
layers 51. 52. . are separately connected with the 
gate G in each pixel The others are the same as m 
Embodiment 1 

[0037] As described hereinabove the IkjuicI crystal 
display device of the fnvertion is so constructed that the 
scattered or refiected incident rays and even the return 
rays are prevented from entering the transistor part 
Therefore the device is free from the problem of photo- 
electric current leakage. 

[0038] While the inver^t'on has been described m 
detail and with reference to specific embodiments 
thereof. :t wn! be apoaren* to ens skilled r. the .irt tha* 
various changes and modifications can be made therein 
without departing from the spirit and scope thereof 

Claims 

1. A liquid crystal display device comprising an active 
substrate with a pixel transistor thereon, a counter 
substrate that faces said active substrate and is 
bonded thereto via a predetermined space therebe- 
tween, and a liquid crystal component as sealed in 
said predetermined space, wherein. 

a first iight-shielding layer is formed adjacent to 
the side of said pixel transistor that faces the 
counter substrate, and a second iight-shielding 
layer is formed adjacent to the side thereof that 
faces opposite to the counter substrate, and 
said first light-shielding layer shields the enfre 
region except the pixel openings ^rom the inci- 
den[ rays that enter the device through the 
?jfcstr-v-? 

2. T,"ie i.C'^:J' crystal display device as claimed :n c;3.m 
V wrer-.^in sasa p'xe t^dns-stor 'S a thin f;!t^ transi<^- 
tcr i 

3. "!^e \\:-\i..c crystal display dev.ce as ^.aime;^ .r ;;lairTi 
1 or 2 vvnorem at east the 'r^ci^c scL'ce'dra'^ 



edges >r saio Dixel transistor are shielded from light 
by said second light-shielding layer 

4. The liquid crystal display device as claimed in claim 
5 3. wherein LDD regions are formed adjacent to the 

light-shielded source/drain edges. 

5. The liquid crystal display device as claimed in claim 
1 . 2. 3 or 4 wnerein said second iight-shielding layer 

■0 IS earthed. 

6. The liquid crystal display device as claimed in claim 
1.2. 3. 4 or 5 wherein said second light-shielding 
layer is connected with a gate line. 

/5 

7. The liquid crystal display device as claimed in any 
one of the preceding claims, wherein said second 
light-shielding layer is formed below the pixel tran- 
sistor-forming layer via an insulating film having a 

.V) thickness of from 200 to 1500 nm therebetween. 

8- The liquid crystal display device as claimed m any 
one of the preceding claims, wherein said second 
light-shielding layer has a resistivity of not larger 
P5 than 100 U/square 

9. The liquid crystal display device as claimed in any 
one of the preceding claims, wherein said second 
light-shielding layer has a transmittance of not 

''0 'arger than 50 % at least for the light falling within a 

wavelength range of from 400 to 500 nm 

10. The liquid crystal display device as claimed in any 
one of the preceding claims, wherein said first iight- 

'■5 shielding layer is in at least two sites by which the 

incident rays that enter the device through the 
counter substrate are blocked. 

11. The liquid crystal display device as claimed in any 
JO one of the preceding claims, wherein said pixe! 

transistor is a polycrystalline Is-TFT 
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FIG. 2 



OUTLINE OF THE EFFECT OF THE INVENTION 
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(54) Active matrix liquid crystal display device 

(57) Provided is a liquid crystal display device so 
constructed as to prevent scattered orreflected incident 
rays and even the return rays from entering the transis- 
tor part The device is free from the problem of photoe- 
lectric current leakage The device comprises an active 
substrate with a pixel transistor TFT thereon and a coun- 
ter substrate that faces the active substrate via liquid 
crystal therebetween, wherein light-shielding layers (up- 
per light-shielding layer, and lower light-shietding layer) 
are formed to be adjacent to the side of the pixel tran- 
sistor part that faces the counter substrate and adjacent 
to the Side thereof that faces opposite to the counter 
sucstrate and wherein the upper light-shielding layer 
and the lead electrode sn:eid the entire region excert 
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